Azadirachta indica (neem) is very useful traditional medicinal plant in the subcontinent. each part of the tree has some medicinal properties. in this present studies the bioactivity and antimicrobial activity of Azadirachta indica leaf extract was evaluated. For bioactivity, Brine shrimp lethality test was done for A. indica ethanolic leaf extract and determined lc 50 was 37.15 mg/ml indicating that the prepared extract was rich in bioactive compounds. ethanolic leaf extract was also used to evaluate antibacterial activity and the extract exhibited significant activity against the tested bacterial strain. However, inhibitory activity was concentration and test organism dependent. gram-positive bacteria were more sensitive to the extract compare to gram-negative bacteria. all of the tested bacteria showed sensitivity at higher concentration (7mg/ml) but multi drug resistant bacteria Klebsiella pneumoniae was very sensitive even at very low concentration (2mg/ml). Further, the results depict that leaf extracts of Azadirachta indica could be used as a potential source of antimicrobial agents against the bacterial strains tested.
INTRODUCTION
The indiscriminate and improper use of antibiotics is playing a significant role in the emergence of resistant bacteria.
[1]
Other practices contributing towards resistance include the addition of antibiotics to the feed of livestock. [2, 3] In recent years, multiple drug resistance in both human and plant pathogens has been developed due to indiscriminate use of synthetic drugs especially in the developing countries. [4] Thus, a diverse arsenal of new antibacterial agents is urgently needed to combat the diminishing efficacy of existing antibiotics. [5] One of the strong solutions of this emerging problem is the use of medicinal plant in healing this type of infection. This drives the need to screen medicinal plants for novel bioactive compounds as plant based drugs are biodegradable, safe and have fewer side effects. [6] Bangladesh is a good source of the medicinal plants belonging to various families. Azadirachta indica (Bengali name: Neem) is a tree in the Meliaceae family. It is one of two species in the genus Azadirachta, and is native to India, Burma, Bangladesh, Sri Lanka, Malaysia and Pakistan, growing in tropical and semi-tropical regions. This plant investigated in Bangladesh has been reported to have a wide range of secondary metabolites including cytotoxic compounds. [7] For thousands of years the beneficial properties of A. indica have been recognized. Each part of the A. indica tree has some medicinal property and has been used as traditional medicine for household remedy against various human ailments, from antiquity. [8] [9] [10] [11] [12] [13] Although a large number of compounds have been isolated from various parts of neem, a few of them have been studied for biological activity. Sulphur-containing compounds such as cyclic trisulphide and tetrasulphide isolated from the steam distillate of fresh, matured neem leaves have antifungal activity against Trichophyton mentagrophytes. Different studies shows that leaf extract of this plant also has antiviral activity against Vaccinia virus, antimalarial extract. The powdered extract was then transferred to a 50 ml Erlenmeyer flask and then weight of the powdered extract was determined using balance. 12.2 g of A. indica extract was obtained from 125 g of dried leaf powder. (Table 1) The prepared extract was stored in -20°C.
Brine shrimp lethality bioassay
Brine shrimp (Artemia salina) lethality bioassay was carried out to check the cytotoxic activity of the plant extract. The assay was done according to Meyer's process with some modification. [18] Simply, brine shrimp eggs were collected from local market and hatched with properly aerated filtered seawater for 48 hrs. After hatching, active nauplii were collected and 10 nauplii were drawn through a dropper and placed in each well of microtitre plate containing 250 µl of seawater. Then 50 µl of plant extract solution (extract dissolved in 40% ethanol) was added to make final concentration of plant extract as 25 µg/ml, 50 µg/ml, 100 µg/ml and 200 µg/ml in respective treatments. Vincristine sulphate (Gedeon Richter Ltd., Hungary) was used as positive and seawater was used as negative control. After 24 hrs, dead and live were counted under microscope. Each experiment was performed in three replicas. The percentage of mortality was then determined. Lethal Concentration 50 (LC 50 ) value was obtained from the best-fit line by plotting concentration versus percentage of mortality.
Antibiogram of microorganisms
Antibiogram of test organism was done by disc diffusion method. [19] In this process, 5 different types of antibiotic discs were used. 100 μl of inoculum was taken to each Muller Hinton agar plates using micropipette and spreaded well using sterile spreader. Then the antibiotic discs were placed accurately on the agar at appropriate distance using sterile forceps. Then the plates were inverted and incubated overnight at 37°C. Next day, the diameter of clear zone was measured and significance of zone of inhibition was determined using Kirby-Bauer method [20] of antimicrobial sensitivity testing.
Antibacterial screening
The microbial strains (Table 2 ) used for the experiment were collected as pure cultures. Both Gram-positive and Gram-negative bacteria were taken for the test.
Antimicrobial resistance is a worldwide problem that has deleterious long-term effects. This development of drug activity, antibacterial activity and antifungal activity against certain human fungi. [14] Leaf extract of Azadirachta indica has two bioactive compounds named Rutin and Quercetin. [15] Azadirachta indica aqueous leaf extract significantly prevents and reverses the hepatotoxic damage induced by antitubercular drugs in rats. [16] Ethanol extract of Azadirachta indica leaf plays a significant role in the control of atherosclerosis and management of diabetic vascular complications. [17] So far, in Bangladesh antimicrobial studies of leaf extract of A. indica against pathogenic bacteria have not been studied. On this perspective, the present work was objected to carry out scientific investigation on antimicrobial activities of ethanolic leaf extract of A. indica against selected drug resistance bacteria.
MATERIALS AND METHODS

Materials
Leaf part of test plant was collected from Jagannath Hall, University of Dhaka, Dhaka-1000 and was identified through national herbarium. Ethanol (Merck, Germany), Whattman filter paper, Erlenmeyer flask, measuring cylinder, and funnel, round bottom flask, simple mechanical grinder, mechanical rotator and alluminium foil were purchased from local vendors. Balance used here was made by Mettler Toledo, Solvent evaporator was supplied by J-Kem's KEM-Vap and freeze dryer used here was supplied by Millrock Technology.
Preparation of plant extract
For preparing plant extract, the collected leaf of A. indica was sun dried for 3 days. Then the sample was powdered using mechanical grinder. Dried leaf powder (125 gm) of A. indica was soaked with 250 ml ethanol in a conical flask. The flask was covered with aluminum foil and then kept on a mechanical rotator for 24 hours. Next day, the solution was filtered by whatman filter paper and the filtrate was collected. Solvent evaporator was used to evaporate ethanol in the crude preparation under reduced pressure until a gummy substance was obtained. Then approximately equal amount of water was added to the gummy substance and again the solvent was evaporated until a gummy substance was found. Then the substance on the round bottom flask was freeze-dried to prepare the powdered form of plant was sensitive to doxicycline ad gentamycin but resistance to amoxicillin, tetracycline, cloxacillin, cotrimazole and cephalexin. [22] Penicillin resistant pneumococcus was reported worldwide after 1974 and it was also reported in Bangladesh. [21] Inoculum was developed according to 0.5 McFarland standard, that is, 1.5 × 10 8 cfu/ml, by taking OD at 600 nm using spectrophotometer. Simply, 50 μl of 1% BaCl 2 was mixed well with 9.95 ml H 2 SO 4 and suitable three single colonies of microorganism were picked up from subculture and were suspended with normal saline (0.9% NaCl resistance surpasses the development of new drugs. Poverty has been cited as a major force driving the development of antimicrobial resistance by the World Health Organization (WHO). In developing countries, factors such as inadequate access to effective drugs, unregulated dispensing and manufacture of antimicrobials, and shortened antimicrobial therapy because of cost are contributing to the development of multidrug-resistant organisms. Many developing countries allow the dispensation of antibiotics without a prescription; this can lead to self-medication and dispensation of drugs by untrained people. In a study from Bangladesh it was observed that, 92% of medications dispensed by pharmacies were dispensed without a prescription [20] International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) conducted a study at Matlab rural surveillance area in Bangladesh to identify practices which might affect microbial drug resistance and showed that forty-eight per cent of the antibiotic tablets or capsules for persons aged 15 years or more were purchased in quantities which represented less than a single day's dose and rarely was a full course of therapy purchased at one time. It was also observed that the rate of tetracycline purchase for young children equaled the rate for older children and young adults. These practices have probably not improved health and may have promoted the emergence and persistence of drug-resistant micro-organisms. [21] E. coli was isolated from urinary tract infected patients of Bangladesh and it was observed that isolated strain Table 3 ). From the graph, log LC 50 was obtained at 50% mortality. LC 50 value was obtained by inversing the log LC 50 value. LC 50 value obtained for A. indica extract was 37.15 µg/ml. The antimicrobial activity of A. indica ethanolic leaf extract was examined in the present study. The results solution). Then absorbance of microbial suspension was adjusted to 0.5 McFarland standard by adding proper amount of normal saline to it. This inoculum was prepared every time just before placing antibiotic disc or before applying plant extract on well.
The ethanolic extract was checked for antibacterial screening by agar well diffusion method. [24] 100 μl of inoculum was taken to each Muller Hinton agar plate using micropipette and spreaded well using sterile spreader. Using sterile tips, wells were produced on the agar plate. The plant extract of 100 μl was taken from each concentration of 5 mg/ml, 10 mg/ml, 20 mg/ml, 30 mg/ml, 40 mg/ml, 50 mg/ml, 60 mg/ml, 70 mg/ml and 100 mg/ml, and were applied in each well. Also, on another plate, wells were created as same as above 100 μl 40% ethanol was applied as a negative control. Then the plates were kept upside down to allow sufficient diffusion of the materials from the wells to the surrounding agar medium and were incubated in an incubator overnight at 37°C. The antimicrobial potency of the extract was measured by its activity to prevent the growth of microbes surrounding the wells, which give clear zone of inhibition. After incubation, the antimicrobial activity of the test materials was determined by measuring the diameter of the zones of inhibition in millimeter (mm) using scale.
RESULTS
Brine shrimp lethality bioassay
The extract of A. indica was evaluated for brine shrimp lethality in different concentrations. Vincristine sulphate was used as positive control. All experiments were done in triplicate and the mean result was noted. The lethal concentration LC 50 of the test samples after 24 hrs was obtained by a plot of percentage of the dead nauplii against the logarithm of the sample concentration (toxicant concentration) and the best-fit line was obtained from the curve data by means of regression analysis (Figure 1) . From the assay, LC 50 value of the leaf extract was determined and it was 37.15 mg/ml (Table 3 ). The positive control was used here to check the validity of the test and LC 50 of the control was 0.288 mg/ml (Table 4, Figure 2 ). Then the ethanolic leaf extract of A. indica was tested against selected Gram-positive and Gram-negative bacteria. To assure whether the collected strains were antibiotic resistant or not, first of all, antibiogram of these strains was determined and found that almost all strains showed resistance or immediately sensitive against all the standard antibiotics used. However the antibacterial effect of the leaf extract was organism and concentration dependent. Ethanolic extract of leaf was more active towards the Gram positive strain and less active towards the Gram negative strain used in present studies (Table 6) . Among the different bacteria tested maximum inhibition was found in Klebsiella pneumoniae followed by Streptococcus faecalis, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli. However, Coliform spp. remained less sensitive at low concentration but become sensitive at higher concentration (7mg/ml). The striking and distinctive feature of observed antibacterial activity of A. indica extract is that it exhibited strong activity against multi-drug resistant bacteria Klebsiella pneumoniae at very low concentration (2mg/ ml). From the previous study, it was observed that, ethanol extract showed good inhibitory activity with low MIC concentration as compared to other extracts. Ethanol has higher polarity when compared with other solvents and hence the antibacterial compounds are polar compounds which are under purification process.
Ethanolic extract of neem leaf shows significant antibacterial activity against Staphylococcus aureus, E. coli, Candida albicans, Aspergillus niger and Penicilium citrinum. [29] Another study showed that the extract of the leaf of Azadirachta indica exhibited pronounced activity against Bacillus subtilis, high activity against the Gram-positive Staphylococcus aureus, and low activity against Escherichia coli. [30] Previous studies showed similar result with this one incase of Staphylococcus aureus and Escherichia coli.
CONCLUSION
The findings of this study indicate that the leaf extract of Azadirachta indica has potential activities to bacteria. Although crude extracts from various parts of A. indica (neem) have medicinal applications from time immemorial, modern drugs can be developed after extensive investigation of its are given in Table 6 . The zones of inhibition produced by these extracts were ranged from 8-17 mm for different concentrations for different strains. Maximum zone of inhibition produced by leaf extract was 17 mm at 10 mg/ ml concentration.
DISCUSSION
Infection-causing-bacteria are rapidly becoming resistant to conventional drugs for example Methicillin-and Vancomycinresistant Staphylococcus aureus (MRSA/VRSA). [25] As the global scenario is now changing towards the use of nontoxic plant products having traditional medicinal use, development of modem drugs from A. indica should be emphasized for the control of various diseases. In fact, time has come to make good use of centuries-old knowledge on A. indica (neem) through modern approaches of drug development. Previously it has been observed that, oil from the leaves, seeds and bark possesses a wide spectrum of antibacterial action against Gram-negative and Gram-positive microorganisms, including M. tuberculosis and streptomycin resistant strains [26] . In this study, ethanolic extract of A. indica leaf extract was investigated for its potential bioactivity and antibacterial activity. To ascertain any bioactivity of desired plant, it should be affirmed that whether this plant has bioactive compound or not. Brine shrimp lethality assay considered a useful tool for preliminary assessment of toxicity and Bioactivity of a given plant extracts. From the assay, LC 50 value of the extract was determined and it was 37.15 mg/ml. The determined LC 50 value of this extract was found to be quite lower than the previous studies [26] indicating that the prepared extract was rich in bioactive compounds. The ethanolic extract of neem leaf has been shown to cause cell death of prostate cancer cells (PC-3) by inducing apoptosis as evidenced by a dose-dependent increase in DNA fragmentation and a decrease in cell viability. [27] Nimbolide , a limonoid isolated from Azadirachta indica, is the chief cytotoxic principle in Neem leaf extract being used as a lead compound for anti-cancer analogue design. [28] This clearly indicates the presence of potent bioactives which might be very useful as antiproliferative, antitumor, pesticidal and other bioactive agents. *Diameter below 7 mm is omitted, as diameter of well is 7 mm. 0 mg is solvent as negative control.
